The models of heating of the graphite crucibles and metal at different frequencies are shown. The technology of chromium bronze smelting in order to obtain cast electrodes for resistance welding is introduced in the current paper.
Nowadays induction crucible melting process is widely used for melting non-ferrous metals and alloys. This technology makes it possible to produce a kind of metal, which meets the demanding requirements for castings for various purposes. The process of smelting as well as the mixing of the molten metal take place inside the induction furnace, which makes it possible to maintain the temperature of the process within certain limits. Stirring and absence of the temperature differences are, as a rule, the key factors necessary for obtaining a homogeneous copper alloy with precise chemical composition. It can also ensure the repeatability of the results in the subsequent smelting processes.
The induction method of heating is the process of heating an electrically conducting object placed in an alternating magnetic field by electromagnetic induction, through heat generated in the object.
The electrical energy of the alternating type transforms into electromagnetic energy, then again into electrical one, which finally converts into thermal energy [1] .
An induction crucible furnace has several advantages:
1. High heating rate and, as a result, a short duration of melting. The construction of the induction crucible furnace is presented in Fig. 1 .
The program ANSYS 11.0, a finite element analysis (FEA) tool, was used for modelling the process of induction heating of a graphite crucible and metal at different frequencies. This program has been popular with various specialists for the last thirty years. The following tasks can be performed with the help of ANSYS 11.0: automatic engineering calculations (CAE, Computer-Aided Engineering), linear and nonlinear finite element analysis, stationary and non-stationary spatial tasks of the mechanics Fig. 1 . The casting unit of the induction crucible furnace: 1 -cylindrical body; 2 -hollow copper tube inductor; 3 -refractory crucible; 4 -lining; 5 -current-conducting and water supply pipes; 6 -kaolin wool; 7 -refractory base An induction crucible furnace has several advantages:
1. High heating rate and, as a result, a short duration of melting. The construction of the induction crucible furnace is presented in Fig. 1 . Two types of frequencies were chosen for the analysis of the connection between the current frequency influence and the heating process. At first, a model of induction heating of a graphite crucible and metal at a relatively low frequency of 2,5 kHz was made (Fig. 2) . In this case, the mixing of the metal is intensive, because the magnetic flux is relatively large and the demagnetizing effect of the induced currents is insignificant, which agrees well with the visual observation of the melting process.
The distribution of the flux and the inductive currents density can be considered uniform throughout the entire cross section of the crucible at this moment. The current density is proportional to the frequency, and the energy transferred to the crucible is proportional to the square of the frequency.
The next model was made at a frequency of 44 kHz, which is widely used for induction heating.
It is known [2] that as the frequency of the current increases, the energy indicators of heat increase as well, whereas the skin depth decreases.
At such a frequency, an intense heating of the graphite crucible occurs (Fig. 3) . As the frequency increases, the electric field intensity in the crucible increases as well. However, this change is no longer directly proportional to the increase in frequency, since the magnetic field penetration through the crucible is weakened by demagnetization. As a result, when the frequency is increased, the energy transferred to the crucible increases proportionally to the square root of the frequency rather than to the square of the frequency [3] . Frequency modulation of the current was used in order to increase the mixing intensity at this frequency and ensure an even distribution of chromium particles over the volume of the melt.
It must be noted that the graphite crucible resistance increases at a frequency of 44 kHz. In this case, the process of its destruction is slower, because the amplitude of melt oscillation at the boundary with the crucible is much smaller than at a lower frequency of 2,5 kHz.
These models of induction heating of a graphite crucible at different frequencies show that when the frequency of the current increases, the heating of the crucible becomes more intense. 
The technology of melting
The copper melt was obtained from the waste copper scrap of the A 1/1 type (GOST 1639-93).
The mass of the metal loaded into the induction crucible furnace was 1 kilo. Melting was conducted under the 25-30 mm thick layer of charcoal, at a frequency of 44±4 kHz. The copper melt was deoxidized with phosphorus, which was added as an alloy MF 9 (GOST 4515-93) in the amount of 0,7% [4] . An alloying element in the form of a tablet (Fig. 4) , consisting of 83% of PMS-1 copper powder (GOST 4960-75) and 17% of nanostructured chromium particles X99 (GOST 5905-79), was then added [5] .
The mixing of the liquid metal took place under the influence of an alternating magnetic field with a frequency modulation of the current. It allowed to obtain an alloy with homogeneous chemical composition.
The technology of obtaining the resistance welding electrodes
The molten metal was poured into the matrix (Fig. 5) . Then the alloy was cooled down to the temperature of 850-900 °C and the press forming of the cooling channel was performed with the help of a punch (Fig. 6 ). After that, the bottom of the matrix was opened and the electrode was pushed down into the cooling chamber located in the base of the press for quenching in running water [6, 7] . The obtained sample of the electrode is presented in Fig. 7 . Based on the results of the research, the following conclusions can be drawn.
1) The models of induction heating of a graphite crucible at different frequencies show that when the current frequency increases, the heating of the crucible becomes more intense.
2) The use of copper tablets, which contain nanostructured particles of chromium, makes it possible to obtain an alloy with precise chemical composition, eliminating expensive and complicated operations of preparation of the Cu-Cr alloy.
3) The proposed melting technology ensures a uniform distribution of chromium in the alloy due to the use of frequency modulation of the current. It has a positive effect on the strength and electrical conductivity properties of the electrodes.
4) This technology enables to produce resistance welding electrodes from secondary raw materials, which reduces the final cost of the product.
